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(54) Shock absorber and shock absorber unit

(57) A first accumulator which absorbs volume in-
crease caused inside a cylindrical case is provided to a
base-portion room, a first main flow path in which silicon
oil flows is provided between an inner peripheral wall of
the cylindrical case and an outer peripheral wall of the
first piston, and a second inner peripheral wall by which
an opening area of the first main flow path is gradually

decreased by movement of the first piston toward the
opening-portion room side is provided in an inner periph-
eral wall of the cylindrical case. Therefore, the flow re-
sistance of the silicon oil flowing in the first main flow path
is increased as the first piston is moved closer toward
the opening room side, so that the resistive force is gen-
erated on the pulling side.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a shock ab-
sorber and a shock absorber unit of, when a movable
portion of an actuator is stopped, easing impact force
applied to the movable portion.

BACKGROUND OF THE INVENTION

[0002] Conventionally, in order to move an electric
component or precision machinery component (work-
piece) to a next process, a pneumatic actuator (actuator)
having a reciprocating table (movable portion) recipro-
cated by supplying and exhausting compressed air is
used sometimes. The pneumatic actuator has, for exam-
ple, an air cylinder to which the compressed air is sup-
plied and exhausted, and a piston is movably provided
inside the air cylinder. One end of a rod is fixed to the
piston, and the other end thereof is fixed to the recipro-
cating table. In this manner, the piston is reciprocated by
supplying and exhausting the compressed air into/from
the inside of the air cylinder, and the reciprocating table
is reciprocated through the rod, so that the electronic
component or the precision machinery component can
be moved.
[0003] When the electric component or the precision
machinery component is moved by the pneumatic actu-
ator or others, the applied impact force is desired to be
suppressed as small as possible. Accordingly, in order
to ease the impact force applied to the electric component
or the precision machinery component, a shock absorber
(buffer) is provided at a reciprocating end position of the
reciprocating table. In this manner, the shock absorber
is operated at the reciprocating end position of the recip-
rocating table, so that the impact force applied to the
electric component or the precision machinery compo-
nent can be eased.
[0004] As such a shock absorber used in a pneumatic
actuator, for example, the one described in Japanese
Utility-Model Application Laid-Open Publication No.
S61-016440, FIG. 3 (Patent Document 1) is known. The
shock absorber described in Patent Document 1 in-
cludes: a cylinder having a base portion and an opening
portion; a piston moving inside the cylinder in an axial
direction; a piston rod whose one end is jointed to the
piston and whose other end is extended outside the cyl-
inder; and liquid filled inside the cylinder. A taper portion
whose diameter is gradually reduced toward the base
portion of the cylinder is provided on an inner peripheral
wall of the cylinder, so that a flow passage area formed
between the piston and the cylinder is reduced as the
piston moves closer toward the base portion side of the
cylinder. That is, as the piston moves closer toward the
base portion side of the cylinder, a flow resistance of the
liquid flowing from the piston to the cylinder is increased,
so that the impact force applied to the electric component

or others can be eased at the reciprocating end portion
of the reciprocating table. In this manner, the shock ab-
sorber described in Patent Document 1 is the one which
causes resistive force (damping force) when a pushing
side, that is, the piston rod is pushed inside the cylinder.
[0005] Also, as the shock absorber, in addition to the
one which causes the resistive force at the pushing side
as described in Patent Document 1, there is the one
which causes resistive force at both of a pushing side
and a pulling side as described in, for example, Japanese
Patent Application Laid-Open Publication No.
2005-009568, Fig. 1 (Patent Document 2). The shock
absorber described in Patent Document 2 is a steering
damper provided between a steering portion and a frame
portion of a motorcycle or others, and has a structure in
which the resistive force can be caused in a substantial
whole area of a stroke regardless of a stroke position of
a piston relative to an inner cylinder. That is, when the
technique for the shock absorber described in Patent
Document 2 is used for the pneumatic actuator, fast mov-
ing of the reciprocating table of the pneumatic actuator
is disturbed.

SUMMARY OF THE INVENTION

[0006] FIGS. 7A and 7B are views illustrating an ex-
ample in which a shock absorber according to a conven-
tional technique is used for a pneumatic actuator.
[0007] As illustrated in FIGS. 7A and 7B, a pneumatic
actuator 1 includes an air cylinder 2, and a movable por-
tion 3 can be reciprocated in right and left directions of
FIGS. 7A and 7B by supplying and exhausting com-
pressed air into/from the air cylinder 2. A reciprocating
table (not illustrated) is fixed to the movable portion 3,
and an electronic component or others is placed on the
reciprocating table. A receiving plate 4 is integrally pro-
vided with the movable portion 3, and cap portions 7a
and 7b of shock absorbers 6a and 6b configuring a pair
of shock absorber units 5a and 5b are abutted against
both sides (right and left sides in FIGS. 7A and 7B) of
the receiving plate 4 in a plate-thickness direction, re-
spectively.
[0008] On the both sides of the receiving plate 4 in the
plate-thickness direction, each of the shock absorber
units 5a and 5b is oppositely arranged so that the cap
portions 7a and 7b are opposed to each other. The shock
absorber 6a is pushed and shrunk by the receiving plate
4 when the movable portion 3 moves toward the left side
as illustrated in FIG. 7A, and the shock absorber 6b is
pushed and shrunk by the receiving plate 4 when the
movable portion 3 moves toward the right side as illus-
trated in FIG. 7B.
[0009] Since both of the shock absorbers 6a and 6b
are the pushing-side shock absorber, it is required to ar-
range each of the shock absorber units 5a and 5b at
positions away from each other so as to sandwich the
receiving plate 4 therebetween. Therefore, in addition to
forming a large receiving plate 4 because of its length-
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ening, a large space is required to arrange each of the
shock absorber units 5a and 5b. Also, it is required to
individually fix each of the shock absorber units 5a and
5b on a mount or others, and therefore, time is required
to arrange the pneumatic actuator. Further, alignment
operation for each of the shock absorber units 5a and
5b, that is alignment for a relative positional relationship
between the receiving plate 4 and each of the shock ab-
sorbers 6a and 6b, is not simple.
[0010] A preferred aim of the present invention is to
provide a shock absorber and a shock absorber unit in
which an arrangement operation for an actuator can be
simplified and an adjustment operation for the shock ab-
sorber unit can be easily performed by decreasing an
arrangement space for the shock absorber unit.
[0011] A shock absorber according to the present in-
vention includes: a cylinder having a base portion and
an opening portion, in which liquid is filled; a holder at-
tached to the opening portion of the cylinder and having
a rod-guiding hole; a rod slidably supported by the rod-
guiding hole, whose one end is provided inside the cyl-
inder and whose other end is provided outside the cylin-
der; a piston provided on the one end of the rod and
dividing an inside of the cylinder into a base-portion room
and an opening-portion room; an accumulator absorbing
volume increase caused inside the cylinder by entering
of the rod into the cylinder; a main flow path provided
between an inner peripheral wall of the cylinder and an
outer peripheral wall of the piston, in which the liquid flows
when the piston moves relative to the cylinder; and an
opening-area adjusting wall forming the inner peripheral
wall of the cylinder and gradually decreasing an opening
area of the main flow path as movement of the piston
closer toward the opening-portion room side.
[0012] In the shock absorber according to the present
invention, the piston is slidably provided to the rod, a sub
flow path for connecting the base-portion room and the
opening-portion room is provided between an inner pe-
riphery of the piston and an outer periphery of the rod,
and there is provided, in the rod, a sub-flow-path opening/
closing member for closing the sub flow path when the
piston moves toward the opening-portion room side rel-
ative to the rod.
[0013] In the shock absorber according to the present
invention, a fixed portion fixed to the movable portion of
the actuator is provided on the other end of the rod.
[0014] In the shock absorber according to the present
invention, the accumulator is formed of an elastic mem-
ber consisting of foam rubber.
[0015] In the shock absorber according to the present
invention, the accumulator includes: a free piston sliding
across the base-portion room; a seal member provided
between an outer periphery of the free piston and an
inner periphery of the cylinder; and a spring pressing the
free piston toward the opening-portion room.
[0016] A shock absorber unit according to the present
invention includes: a first shock absorber; a second
shock absorber; and a supporting member. The first

shock absorber includes: a first cylinder having a base
portion and an opening portion, in which liquid is filled; a
first holder attached to the opening portion of the first
cylinder and having a first rod-guiding hole; a first rod
slidably supported by the first rod-guiding hole, whose
one end is provided inside the first cylinder and whose
other end is provided outside the first cylinder; a first pis-
ton provided on the one end of the first rod and dividing
an inside of the first cylinder into a base-portion room
and an opening-portion room; a first accumulator absorb-
ing volume increase caused inside the first cylinder by
entering of the first rod into the first cylinder; a first main
flow path provided between an inner peripheral wall of
the first cylinder and an outer peripheral wall of the first
piston, in which the liquid flows when the first piston
moves relative to the first cylinder; and a first opening-
area adjusting wall forming the inner peripheral wall of
the first cylinder and gradually decreasing an opening
area of the first main flow path as movement of the first
piston closer toward the opening-portion room side. The
second shock absorber includes: a second cylinder hav-
ing a base portion and an opening portion, in which liquid
is filled; a second holder attached to the opening portion
of the second cylinder and having a second rod-guiding
hole; a second rod slidably supported by the second rod-
guiding hole, whose one end is provided inside the sec-
ond cylinder and whose other end is provided outside
the second cylinder; a second piston provided to the one
end side of the second rod and dividing an inside of the
second cylinder into a base-portion room and an open-
ing-portion room; a second accumulator absorbing vol-
ume increase caused inside the second cylinder by en-
tering of the second rod into the second cylinder; a sec-
ond main flow path provided between an inner peripheral
wall of the second cylinder and an outer peripheral wall
of the second piston, in which the liquid flows when the
second piston moves relative to the second cylinder; and
a second opening-area adjusting wall forming the inner
peripheral wall of the second cylinder and gradually de-
creasing an opening area of the second main flow path
as movement of the second piston closer toward the
base-portion room side. The supporting member sup-
ports the first rod of the first shock absorber and the sec-
ond rod of the second shock absorber so that they are
parallel to each other.
[0017] In the shock absorber unit according to the
present invention, the first piston is slidably provided to
the first rod, a first sub flow path for connecting the base-
portion room and the opening-portion room is provided
between an inner periphery of the first piston and an outer
periphery of the first rod, there is provided, in the first rod,
a first sub-flow-path opening/closing member for closing
the first sub flow path when the first piston moves toward
the opening-portion room side relative to the first rod, the
second piston is slidably provided to the second rod, a
second sub flow path for connecting the base-portion
room and the opening-portion room is provided between
an inner periphery of the second piston and an outer pe-
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riphery of the second rod, and there is provided, in the
second rod, a second sub-flow-path opening/closing
member for closing the second sub flow path when the
second piston moves toward the base-portion room side
relative to the second rod.
[0018] In the shock absorber unit according to the
present invention, a fixed portion fixed to a movable por-
tion of the actuator is provided on the other end of the
first rod.
[0019] In the shock absorber unit according to the
present invention, at least one of the first and second
accumulators is formed of an elastic member consisting
of foam rubber.
[0020] In the shock absorber unit according to the
present invention, at least one of the first or second ac-
cumulator includes: a free piston sliding across the base-
portion room; a seal member provided between an outer
periphery of the free piston and an inner periphery of the
first or second cylinder; and a spring pressing the free
piston toward the opening-portion room.
[0021] According to the shock absorber of the present
invention, the accumulator absorbing the volume in-
crease caused inside the cylinder by entering of the rod
into the cylinder is provided, the main flow path in which
the liquid flows when the piston moves relative into the
cylinder is provided between the inner peripheral wall of
the cylinder and the outer peripheral wall of the piston,
and the opening-area adjusting wall gradually decreas-
ing the opening area of the main flow path as movement
of the piston closer toward the opening-portion room side
is provided in the inner peripheral wall of the cylinder.
Therefore, flow resistance of the liquid flowing in the main
flow path is increased as the piston moves closer toward
the opening-portion room side of the cylinder, so that the
pulling-side shock absorber of generating resistive force
(damping force) can be achieved.
[0022] According to the shock absorber of the present
invention, the piston is slidably provided to the rod, the
sub flow path for connecting the base-portion room and
the opening-portion room is provided between the inner
periphery of the piston and the outer periphery of the rod,
and there is provided, in the rod, the sub-flow-path open-
ing/closing member for closing the sub flow path when
the piston moves toward the opening-portion room side
relative to the rod. Therefore, difference between resis-
tive forces generated on a pulling side and a pushing
side can be increased, and, for example, sufficiently-
large resistive force can be generated on the pulling side
and almost no resistive force can be generated on the
pushing side.
[0023] According to the shock absorber of the present
invention, the fixed portion fixed to the movable portion
of the actuator is provided on the other end of the rod,
and therefore, the rod and the movable portion can be
fixedly held to each other. Therefore, the shock absorber
can be exactly functioned as a pulling-side shock absorb-
er.
[0024] According to the shock absorber of the present

invention, the accumulator is formed of the elastic mem-
ber consisting of foam rubber, and therefore, the accu-
mulator can be formed of one component, so that the
number of components can be reduced to suppress a
manufacturing cost.
[0025] According to the shock absorber of the present
invention, the accumulator includes: the free piston slid-
ing across the base-portion room; the seal member pro-
vided between the outer periphery of the free piston and
the inner periphery of the cylinder; and the spring press-
ing the free piston toward the opening-portion room, and
therefore, durability of the accumulator can be improved,
so that a long-life accumulator can be achieved.
[0026] According to the shock absorber unit of the
present invention, the first shock absorber is the pulling-
side shock absorber, the second shock absorber is the
pushing-side shock absorber, and the supporting mem-
ber supporting each rod of each shock absorber so that
they are parallel to each other is provided. Therefore, the
shock absorbers can be collected by the supporting
member, so that the shock absorber unit can be arranged
only on one side of the movable portion of the actuator
in the movement direction. In this manner, an arrange-
ment space for the shock absorber unit can be down-
sized, so that an adjustment operation for the shock ab-
sorber unit can be easily performed and an arrangement
operation for the actuator can be simplified.
[0027] According to the shock absorber unit of the
present invention, the first sub-flow-path opening/closing
member for closing the first sub flow path by the move-
ment of the first piston toward the opening-portion room
side relative to the first rod is provided in the first shock
absorber, and the second sub-flow-path opening/closing
member for closing the second sub flow path by the
movement of the second piston toward the base-portion
room side relative to the second rod is provided in the
second shock absorber. In this manner, difference be-
tween resistive forces generated on the pulling side and
the pushing side can be increased in each shock absorb-
er.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0028]

FIG. 1A is a view illustrating an example in which a
shock absorber according to the present invention
is used for a pneumatic actuator;
FIG. 1B is a view illustrating an example in which the
shock absorber according to the present invention
is used for the pneumatic actuator;
FIG. 2 is a cross-sectional view of a first shock ab-
sorber (at retraction of a first piston) according to a
first embodiment;
FIG. 3 is a cross-sectional view of the first shock
absorber (at stretch of the first piston) according to
the first embodiment;
FIG. 4 is a cross-sectional view of a second shock
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absorber (at retraction of a second piston) used in a
shock absorber unit in FIGS. 1A and 1B;
FIG. 5 is a cross-sectional view of the second shock
absorber (at stretch of the second piston) used in
the shock absorber unit in FIGS. 1A and 1B;
FIG. 6A is a cross-sectional view of a first shock ab-
sorber (at retraction of a first piston) according to a
second embodiment;
FIG. 6B is a cross-sectional view of the first shock
absorber (at stretch of the first piston) according to
the second embodiment;
FIG. 7A is a view illustrating an example in which a
shock absorber according to a conventional tech-
nique is used for a pneumatic actuator; and
FIG. 7B is a view illustrating the example in which
the shock absorber according to the conventional
technique is used for the pneumatic actuator.

DESCRIPTIONS OF THE PREFERRED EMBODI-
MENTS

[0029] Hereinafter, a first embodiment of the present
invention will be described in detail with reference to the
drawings. FIGS. 1A and 1B are views illustrating exam-
ples in which a shock absorber according to the present
invention is used for a pneumatic actuator.
[0030] As illustrated in FIGS. 1A and 1B, a pneumatic
actuator 10 functioning as an actuator includes a main
body 11 having a substantially cuboid shape and fixed
on a mount (not illustrated), and an air cylinder 12 is pro-
vided inside the main body 11. The air cylinder 12 is ar-
ranged in a substantially center portion of the main body
11 in a width direction (up and down directions in the
figures), and a pair of sliding systems 13a and 13b are
provided on respective both sides by which an axial line
of the air cylinder 12 is sandwiched. The sliding systems
13a and 13b are formed of: a pair of guiding holes 14a
and 14b formed in the main body 11; and a pair of sliding
members 15a and 15b sliding inside the guiding holes
14a and 14b, respectively. Each of the sliding systems
13a and 13b functions as a guiding system of linearly
reciprocating the air cylinder 12 without scraping.
[0031] The air cylinder 12 is formed in a hollow shape,
and a piston member 16 reciprocatably sliding in the axial
direction is provided inside the air cylinder. Other end
(left side in the figures) of a rod member 17 in the axial
direction is fixed to the piston member 16, and one end
(right side in the figures) of the rod member 17 in the
axial direction is extended outside the air cylinder 12. A
pair of air chambers 18a and 18b are provided on both
sides of the piston member 16 in its movement direction,
and ports 19a and 19b are provided in the air chambers
18a and 18b, respectively. An air circuit (not illustrated)
formed of a compressor, a solenoid valve, or others is
connected to each of the ports 19a and 19b through an
air tube.
[0032] Here, by supplying compressed air from the air
compressor or others into the air chamber 18a and re-

leasing air from the air chamber 18b, the piston member
16 is moved inside the air cylinder 12 to protrude or
stretch the rod member 17 from the inside of the air cyl-
inder 12 as illustrated in FIG. 1A with a solid arrow. On
the other hand, by supplying compressed air from the air
compressor or others into the air chamber 18b and re-
leasing air from the air chamber 18a, the piston member
16 is moved inside the air cylinder 12 to retract the rod
member 17 into the air cylinder 12 as illustrated in FIG.
1B with a dashed arrow.
[0033] A movable member 20 is fixed on one end side
of each of the sliding members 15a and 15b and the rod
member 17. The movable member 20 is made of steel
in a substantially plate shape, and a pair of female-screw
portions 20b to which fixation screws (not illustrated) for
fixing the reciprocating table are screwed are provided
in a side-wall portion 20a of the movable member 20.
Note that, on the reciprocating table, an electronic com-
ponent or a precision machinery component (not illus-
trated) as a workpiece is placed.
[0034] On an opposite side of the movable member 20
to the rod member 17 side, a receiving plate 21 made of
steel in a substantially plate shape is fixed. A fixed portion
45d of a first shock absorber 40 is fixed to the receiving
plate 21, and further, a cap member 76 of a second shock
absorber 60 is abutted against the receiving plate 21.
That is, the receiving plate 21 receives resistive force
(damping force) of each of the shock absorbers 40 and
60.
[0035] A fixing portion 21a engaged with the fixed por-
tion 45d of the first shock absorber 40 is integrally pro-
vided with the receiving plate 21, and the fixed portion
45d of the first shock absorber 40 is fitted to be inserted
from a front side in the figures into the fixing portion 21a.
Here, the movable member 20, the reciprocating table
fixed to the movable member 20, and the receiving plate
21 configure the movable portion according to the
present invention.
[0036] A shock absorber unit 30 is provided on the
movable member 20 side of the pneumatic actuator 10
so as to interpose a predetermined space therebetween,
and the shock absorber unit 30 is also fixed on the mount
similarly to the main body 11 of the pneumatic actuator
10. The shock absorber unit 30 includes: the first shock
absorber 40; the second shock absorber 60; and a sup-
porting member 80 for supporting each of the shock ab-
sorbers 40 and 60.
[0037] A pair of supporting holes 81 a and 81b for sup-
porting respective shock absorbers 40 and 60 are formed
in the supporting member 80, and the supporting holes
81a and 81b b are parallel to each other. A female-screw
portion (not illustrated) is formed inside each of the sup-
porting holes 81a and 81 b, and male-screw portions 41a
and 61a of the shock absorbers 40 and 60 are screwed
into the female-screw portions of the supporting holes
81a and 81 b, respectively. The supporting member 80
supports each of the shock absorbers 40 and 60 so that
respective rods 45 and 66 of the shock absorbers 40 and
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60 are parallel to each other and vertical to the receiving
plate 21.
[0038] And, by screwing the shock absorbers 40 and
60 into the supporting holes 81a and 81b by a certain
distance, respectively, the relative positional relationship
between the receiving plate 21 and each of the shock
absorbers 40 and 60 is adjusted. Note that, by screwing
hexagon nuts 82a to 82d into the shock absorbers 40
and 60, loosing of the shock absorbers 40 and 60 from
the supporting member 80 is prevented, respectively.
[0039] The first shock absorber 40 is the pulling-side
shock absorber of generating the resistive force when
the first rod 45 is pulled, that is in the protruding direction.
Therefore, as illustrated in FIG. 1B with the dashed arrow,
the first shock absorber 40 is operated when the air cyl-
inder 12 is operated to draw the movable member 20
toward the main body 11. On the other hand, the second
shock absorber 60 is the pushing-side shock absorber
of generating the resistive force when the second rod 66
is pushed. Therefore, as illustrated in FIG. 1A with the
solid arrow, the second shock absorber 60 is operated
when the air cylinder 12 is operated to push the movable
member 20 away from the main body 11.
[0040] FIG. 2 is a cross-sectional view of the first shock
absorber (at retraction of the first piston) according to the
first embodiment, and FIG. 3 is a cross-sectional view of
the first shock absorber (at stretch of the first piston) ac-
cording to the first embodiment.
[0041] The first shock absorber 40 illustrated in FIGS.
2 and 3 is the shock absorber according to the present
invention, and includes a cylindrical case 41 made of
steel in a substantially cylindrical shape. One end of the
cylindrical case 41 is closed by an end cover 42, and a
rod cover 43 is integrally provided with the other end of
the cylindrical case 41. The other end of the cylindrical
case 41 is opened through an opening portion 43a of the
rod cover 43. Here, the cylindrical case 41, end cover
42, and rod cover 43 configure the cylinder and the first
cylinder according to the present invention, and the end
cover 42 configures the cylinder and the base portion of
the first cylinder according to the present invention.
[0042] The male-screw portion 41a to be screwed into
the supporting hole 81a (see in FIG. 1) of the supporting
member 80 is provided on an outer periphery of the cy-
lindrical case 41, and a pair of hexagonal nuts 82a and
82b are screwed to connect the male-screw portion 41 a.
[0043] A first holder (holder) 44 formed in a substan-
tially cylindrical shape is attached on the opening portion
43a side of the cylindrical case 41, and a first rod-guiding
hole (rod-guiding hole) 44a extending in the axial direc-
tion is provided in the first holder 44. The first rod-guiding
hole 44a slidably supports the first rod (rod) 45, and the
first rod-guiding hole 44a guides to smoothly move the
first rod 45 relative to the cylindrical case 41.
[0044] An O ring 46 made of rubber is provided be-
tween an outer periphery of the first holder 44 and an
inner periphery of the cylindrical case 41, and the O ring
46 seals a space between the first holder 44 and the

cylindrical case 41. A rod packing 47 made of rubber is
attached on the opening portion 43a side of the first rod-
guiding hole 44a, and the rod packing 47 is slidably con-
tacted with the first rod 45. The rod packing 47 seals a
space between the first rod 45 and the first rod-guiding
hole 44a.
[0045] A liquid storage room 48 is provided inside the
cylindrical case 41, and silicon oil "O" as liquid is filled
inside the liquid storage room 48. The liquid storage room
48 is surrounded by an inner peripheral wall 49 of the
cylindrical case 41. In the inner peripheral wall 49 on one
end of the cylindrical case 41, a first inner peripheral wall
49a whose inner diameter is constant toward the end
cover 42 side of the cylindrical case 41 is formed. In the
inner peripheral wall 49 on the other end of the cylindrical
case 41, a second inner peripheral wall 49b having a
taper shape whose diameter is gradually decreased to-
ward the opening portion 43a side of the cylindrical case
41 is formed.
[0046] One end of the first rod 45 is provided inside
the cylindrical case 41, and a small-diameter portion 45b
whose diameter is smaller than that of a rod main body
45a is provided on the one end of the first rod 45. A flow-
path member 51 is integrally formed with the first rod 45.
A first piston (piston) 50 is attached to the small-diameter
portion 45b between the flow-path member 51 and a nut
member 52 so as to be movable in the axial direction.
The first piston 50 divides the liquid storage room 48 into
a base-portion room 48a and an opening-portion room
48b. Both of the first piston 50 and the flow-path member
51 are formed in a substantially disk shape, and a thick-
ness of the first piston 50 in the axial direction is smaller
than that of the small-diameter portion 45b in the axial
direction between the flow-path member 51 and the nut
member 52. In this manner, the first piston 50 can be
moved relative to the small-diameter portion 45b by a
predetermined distance "L1".
[0047] On outer one end of the first rod 45 than the
small-diameter portion 45b, a male-screw portion 45c is
provided. A nut member 52 is screwed to connect the
male-screw portion 45c, and the nut member 52 prevents
to drop the first piston 50 from the small-diameter portion
45b. A ring-shaped flange portion 52a swelling outside
in the diameter direction is integrally provided with the
nut member 52, and the flange portion 52a is abutted
against the first piston 50.
[0048] The other end of the first rod 45 is provided out-
side the cylindrical case 41, and the fixed portion 45d
whose outer diameter is larger than an inner diameter of
the opening portion 43a and which has a shoulder shape
is provided on the other end of the first rod 45. The fixed
portion 45d is abutted against the rod cover 43 to limit
an entering distance of the first rod 45 into the cylindrical
case 41, and is engaged with the fixing portion 21a (see
in FIG. 1) provided on the receiving plate 21 of the pneu-
matic actuator 10. A cushion member 53 is attached to
the fixed portion 45d, and the cushion member 53 is con-
tacted with the receiving plate 21 as causing elastic de-
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formation, so that noises or others are prevented.
[0049] Between the inner peripheral wall 49 of the cy-
lindrical case 41 and an outer peripheral wall 50a of the
first piston 50, there is provided a first main flow path
(main flow path) 54 allowing the movement of the silicon
oil O from the base-portion room 48a to the opening-
portion room 48b when the first piston 50 moves relative
to the cylindrical case 41. When the first piston 50 moves
on the first inner peripheral wall 49a side, the flow area
of the first main flow path 54 is constant and is secured
to be relatively large, so that the flow resistance of the
silicon oil O is almost not caused. On the other hand,
when the first piston 50 moves on the second inner pe-
ripheral wall 49b side toward the opening portion 43a
side, the flow area (opening area) of the first main flow
path 54 is gradually decreased, and the first main flow
path 54 is gradually narrowed, so that the flow resistance
of the silicon oil O is gradually increased. Here, the sec-
ond inner peripheral wall 49b configures the opening-
area adjusting wall and the first opening-area adjusting
wall according to the present invention.
[0050] Between an inner periphery of the first piston
50 and an outer periphery of the small-diameter portion
45b, a piston sub flow path 55 for connecting between a
base-portion room 48a and an opening-portion room 48b
is provided. A plurality (for example, four pieces which
are provided in each constant interval) of the piston sub
flow paths 55 are provided inside the first piston 50 in the
diameter direction along the peripheral direction. One
end of each piston sub flow path 55 is closed by the flange
portion 52a when the first piston 50 is abutted against
the flange portion 52a, so that each piston sub flow path
55 is shut down. Here, the nut member 52 configures the
sub-flow-path opening/closing member and the first sub-
flow-path opening/closing member according to the
present invention.
[0051] A flow-path-member sub flow path 56 for con-
necting between the base-portion room 48a and the
opening-portion room 48b is provided in the flow path
member 51. A plurality (for example, four pieces which
are provided in each constant interval) of the flow-path-
member sub flow paths 56 are provided inside the flow
path member 51 in the diameter direction along the pe-
ripheral direction. Each piston sub flow path 55 and each
flow-path-member sub flow paths 56 are connected with
each other, and the sub flow paths 55 and 56 configure
the sub flow path and the first sub flow path according to
the present invention.
[0052] A first accumulator (accumulator) 57 made of
an elastic member consisting of foam rubber or others in
a substantially column shape is provided inside the end
cover 42, that is inside the base-portion room 48a. The
first accumulator 57 absorbs volume increase caused
inside the cylindrical case 41 by entering of the first rod
45 into the cylindrical case 41. That is, when the first rod
45 enters into the cylindrical case 41, inner pressure of
the cylindrical case 41 is increased to decrease a size of
the foam of the first accumulator 57, and therefore, the

first accumulator 57 is shrunk and deformed.
[0053] Note that, in the examples illustrated in FIGS.
2 and 3, the accumulator is provided in the base-portion
room 48a. However, the accumulator may be formed in
a cylindrical shape so that the first rod 45 is penetrated
through its center hole, and be provided in a space of a
part of the first holder 44. That is, the accumulator can
be also provided on the opening-portion room 48b side.
[0054] In the end cover 42, an injection hole 42a for
injecting the silicon oil O from outside into the cylindrical
case 41 is provided. The injection hole 42a is closed by
a setscrew 58 functioning as a plug, so that, after injecting
the silicon oil O from the injection hole 42a into the cy-
lindrical case 41, leakage of the silicon oil O to outside
is prevented. An O ring 59 made of rubber is provided
between an outer periphery of the end cover 42 and the
inner periphery of the cylindrical case 41, and the O ring
59 seals a space between the end cover 42 and the cy-
lindrical case 41.
[0055] Next, an operation of the first shock absorber
40 formed as described above is described in detail with
reference to FIGS. 2 and 3.

[RETRACTION PROCESS]

[0056] In a retraction process (pushing side) of the first
shock absorber 40, the first rod 45 enters into the cylin-
drical case 41 as illustrated in FIG. 2 with an arrow 1.
And then, the first accumulator 57 is shrunk and deformed
by the entering of the first rod 45 into the cylindrical case
41. At this time, the silicon oil O flows from the base-
portion room 48a to the opening-portion room 48b
through the first main flow path 54 as illustrated in this
figure with an arrow 2. Also, by the entering of the first
rod 45 into the cylindrical case 41, the first piston 50 is
moved to the rod main body 45a side (the opening-portion
room 48b side) by the predetermined distance L1 relative
to the small-diameter portion 45b.
[0057] In this manner, as illustrated in this figure with
an arrow 3, each piston sub flow path 55 and each flow-
path-member sub flow path 56 are connected with each
other, so that the silicon oil O flows from the base-portion
room 48a to the opening-portion room 48b through each
of the sub flow paths 55 and 56. As described above, in
the retraction process of the first shock absorber 40, the
silicon oil O flows through both of the first main flow path
54 and the sub flow paths 55 and 56, and therefore, a
large flow path area is secured between the base-portion
room 48a and the opening-portion room 48b. Therefore,
in the first shock absorber 40, the resistive force is almost
not caused.
[0058] Here, when the first piston 50 passes through
the second inner peripheral wall 49b side (damping re-
gion A1 the flow path area of the first main flow path 54
is decreased, and the flowing of the silicon oil O in the
first main flow path 54 is limited. However, since the flow
path area of each of the sub flow paths 55 and 56 is set
to be sufficiently large, the resistive force is almost not
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caused in the first shock absorber 40. That is, in an entire
stroke region of the first shock absorber 40, the first rod
45 can be smoothly entered into the cylindrical case 41.

[STRETCH PROCESS]

[0059] In a stretch process (pulling side) of the first
shock absorber 40, as illustrated in FIG. 3 with an arrow
4, the first rod 45 is pulled outside the cylindrical case
41. And then, the first accumulator 57 is swelled and de-
formed by the pulling of the first rod 45 outside the cylin-
drical case 41. At this time, the silicon oil O flows from
the opening-portion room 48b to the base-portion room
48a through the first main flow path 54 as illustrated in
this figure with an arrow 5. Also, by the pulling of the first
rod 45 outside the cylindrical case 41, the first piston 50
is moved to the nut member 52 side (the base-portion
room 48a side) by the predetermined distance L1 relative
to the small-diameter portion 45b.
[0060] In this manner, the first piston 50 is closely abut-
ted against the flange portion 52a of the nut member 52
to close each piston sub flow path 55 and each flow-path-
member sub flow path 56, so that the flowing of the silicon
oil O in each of sub flow paths 55 and 56 is shut down.
As described above, in the stretch process of the first
shock absorber 40, the silicon oil O flows through only
the first main flow path 54, and the resistive force of the
silicon oil O flowing from the opening-portion room 48b
to the base-portion room 48a is increased. In this manner,
in the first shock absorber 40, the predetermined resistive
force is caused.
[0061] Here, when the first piston 50 moves on the
second inner peripheral wall 49b side (damping region
A1) toward the opening portion 43a, the flow path area
of the first main flow path 54 is gradually decreased. And
then, the flowing of the silicon oil O in the first main flow
path 54 is gradually limited, and the resistive force of the
first shock absorber 40 is gradually increased. As de-
scribed above, in the first shock absorber 40, the resistive
force is maximized in a later stage of the stretch process,
that is, when the first piston 50 exists in a vicinity of the
opening portion 43a on the second inner peripheral wall
49b side. In this manner, impacts caused by movement
of the movable member 20, the reciprocating table fixed
on the movable member 20, and the receiving plate 21
(see in FIG. 1) can be eased.
[0062] FIG. 4 is a cross-sectional view of a second
shock absorber (at retraction of a second piston) used in
the shock absorber unit in FIGS. 1A and 1B, and FIG. 5
is a cross-sectional view of the second shock absorber
(at stretch of the second piston) used in the shock ab-
sorber unit in FIGS. 1A and 1B.
[0063] As illustrated in FIGS. 4 and 5, the second shock
absorber 60 includes a cylindrical case 61 made of steel
or others in a substantially bottomed-cylindrical shape.
A base portion 62 is provided on one end of the cylindrical
case 61, and a rod cover 63 is attached to the other end
of the cylindrical case 61. The other end of the cylindrical

case 61 is opened through an opening portion 63a of the
rod cover 63. Here, the cylindrical case 61, base portion
62, and rod cover 63 configure the second cylinder ac-
cording to the present invention.
[0064] A male-screw portion 61a to be screwed into
the supporting hole 81 b (see in FIG. 1) of the supporting
member 80 is provided on an outer periphery of the cy-
lindrical case 61, and a pair of hexagonal nuts 82c and
82d are screwed to connect the male-screw portion 61a.
In the base portion 62, there is provided an injection hole
62a for injecting the silicon oil O from outside into the
cylindrical case 61. The injection hole 62a is closed by a
setscrew 64 functioning as a plug, so that, after injecting
the silicon oil O from the injection hole 62a into the cy-
lindrical case 61, leakage of the silicon oil O to outside
is prevented.
[0065] A second holder 65 formed in a substantially
cylindrical shape is attached to the rod cover 63 side of
the cylindrical case 61, and a second rod-guiding hole
65a extending in the axial direction is provided in the
second holder 65. The second rod-guiding hole 65a sli-
dably supports a second rod 66, and the second rod-
guiding hole 65a guides to smoothly move the second
rod 66 relative to the cylindrical case 61.
[0066] An O ring 67 made of rubber is provided be-
tween an outer periphery of the second holder 65 and an
inner periphery of the cylindrical case 61, and the O ring
67 seals a space between the second holder 65 and the
cylindrical case 61. A rod packing 68 made of rubber is
attached to the rod cover 63 side of the second rod-guid-
ing hole 65a, and the rod packing 68 is slidably contacted
with the second rod 66. The rod packing 68 seals a space
between the second rod 66 and the second rod-guiding
hole 65a.
[0067] A second accumulator 69 made of an elastic
member consisting of foam rubber or others and formed
in a substantially cylindrical shape is provided on an op-
posite side (the opening-portion room 70b side) to the
rod packing 68 in the axial direction of the second holder
65. The second accumulator 69 absorbs volume increase
caused inside the cylindrical case 61 by entering of the
second rod 66 into the cylindrical case 61. That is, when
the second rod 66 enters into the cylindrical case 61,
inner pressure of the cylindrical case 61 is increased,
and the foam of the second accumulator 69 become
small, and therefore, the second accumulator 69 is
shrunk and deformed. Note that the second accumulator
may be provided in the base-portion room as illustrated
in FIGS. 2 and 3.
[0068] A liquid storage room 70 is provided inside the
cylindrical case 61, and silicon oil "O" as liquid is filled
inside the liquid storage room 70. The liquid storage room
70 is surrounded by an inner peripheral wall 71 of the
cylindrical case 61. In the inner peripheral wall 71 on one
end of the cylindrical case 61, a first inner peripheral wall
71a whose inner diameter is constant toward the axial
direction of the cylindrical case 61 is formed. In the inner
peripheral wall 71 on the other end of the cylindrical case
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61, a second inner peripheral wall 71b b having a taper
shape whose diameter is gradually increased toward the
rod cover 63 side of the cylindrical case 61 is formed.
Here, the second inner peripheral wall 71 b configures a
second opening-area adjusting wall according to present
invention.
[0069] One end of the second rod 66 is provided inside
the cylindrical case 61, and each of a supporting member
72 and a flow-path member 73 formed in a substantially
disk shape is fixed to the other end of the second rod 66
along the axial direction of the second rod 66 so as to
have a predetermined interval. A second piston 74 is sl-
idably attached between the supporting member 72 and
the flow-path member 73 in the axial direction of the sec-
ond rod 66, and the second piston 74 divides the liquid
storage room 70 into a base-portion room 70a and an
opening-portion room 70b. The second piston 74 is
formed in a substantially disk shape, and a thickness of
the second piston 74 is smaller than a space size be-
tween the supporting member 72 and the flow-path mem-
ber 73. In this manner, the second piston 74 can be
moved between the supporting member 72 and the flow-
path member 73 by a predetermined distance "L2".
[0070] On one end of the second rod 66, a compres-
sion coil spring 75 is provided between the flow-path
member 73 and the base portion 62. The compression
coil spring 75 to which a predetermined initial load
(shrinking) is applied is provided between the flow-path
member 73 and the base portion 62, so that pressing
force is applied to the second rod 66 in a direction that
the second rod 66 is protruded outside the cylindrical
case 61.
[0071] The other end of the second rod 66 is provided
outside the cylindrical case 61, a cap member 76 made
of a resin material such as plastic is attached to the other
end of the second rod 66. The other end of the cap mem-
ber 76 is abutted against the receiving plate 21 (see in
Fig. 1) of the pneumatic actuator 10. In this manner, nois-
es or others are prevented.
[0072] Between the inner peripheral wall 71 of the cy-
lindrical case 61 and the outer peripheral wall 74a of the
second piston 74, there is provided a second main flow
path 77 allowing the movement of the silicon oil O from
the base-portion room 70a to the opening-portion room
70b when the second piston 74 is moved relative to the
cylindrical case 61. When the second piston 74 moves
on the second inner peripheral wall 71 b side toward the
base portion 62 side, a flow area (opening area) of the
second main flow path 77 is gradually decreased, and
the second main flow path 77 is gradually narrowed, and
therefore, the flow resistance of the silicon oil O is grad-
ually increased. On the other hand, when the second
piston 74 moves on the first inner peripheral wall 71a
side, the flow area of the second main flow path 77 is
minimized, and therefore, the flow resistance of the sili-
con oil O is maximized.
[0073] Between an inner periphery of the second pis-
ton 74 and an outer periphery of the second rod 66, a

piston sub flow path 78 for connecting between the base-
portion room 70a and the opening-portion room 70b is
provided. A plurality (for example, four pieces which are
provided in each constant interval) of the piston sub flow
paths 78 are provided inside the second piston 74 in the
diameter direction and along the peripheral direction. The
other end of each piston sub flow path 78 is closed by
the supporting member 72 when the second piston 74 is
closely abutted against the supporting member 72, so
that each piston sub flow path 78 is shut down. Here, the
supporting member 72 configures a second sub-flow-
path opening/closing member according to the present
invention.
[0074] A flow-path-member sub flow path 79 for con-
necting between the base-portion room 70a and the
opening-portion room 70b is provided in the flow path
member 73. A plurality (for example, four pieces which
are provided in each constant interval) of the flow-path-
member sub flow paths 79 are provided inside the flow
path member 73 in the diameter direction and along the
peripheral direction. Each piston sub flow path 78 and
each flow-path-member sub flow path 79 are connected
with each other, and the sub flow paths 78 and 79 con-
figure a second sub flow path according to the present
invention.
[0075] Next, an operation of the second shock absorb-
er 60 formed as described above is described in detail
with reference to FIGS. 4 and 5.

[RETRACTION PROCESS]

[0076] In a retraction process (pushing side) of the sec-
ond shock absorber 60, the second rod 66 enters into
the cylindrical case 61 as illustrated in FIG. 4 with an
arrow 6. And then, the second accumulator 69 is shrunk
and deformed by the entering of the second rod 66 into
the cylindrical case 61. At this time, the silicon oil O flows
from the base-portion room 70a to the opening-portion
room 70b through the second main flow path 77 as illus-
trated in this figure with an arrow 7. Also, by the entering
of the second rod 66 into the cylindrical case 61, the
second piston 74 is moved toward the supporting mem-
ber 72 side (the opening-portion room 70b side) by the
predetermined distance L2 relative to the second rod 66.
[0077] In this manner, the second piston 74 is closely
abutted against the supporting member 72 to close each
piston sub flow path 78, so that the flowing of the silicon
oil O in each of the sub flow paths 78 and 79 is shut down.
As described above, in the retraction process of the sec-
ond shock absorber 60, the silicon oil O flows through
only the second main flow path 77, and the resistive force
of the silicon oil O flowing from the base-portion room
70a to the opening-portion room 70b is increased. In this
manner, in the second shock absorber 60, the predeter-
mined resistive force is caused.
[0078] Here, when the second piston 74 moves on the
second inner peripheral wall 71b side (damping region
A2) toward the base portion 62, the flow path area of the
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second main flow path 77 is gradually decreased. And
then, the flowing of the silicon oil O in the second main
flow path 77 is gradually limited, and the resistive force
of the second shock absorber 60 is gradually increased.
As described above, in the second shock absorber 60,
the resistive force is maximized in a later stage of the
drawing process, that is, when the second piston 74 pass-
es through the first inner peripheral wall 71a side. In this
manner, impacts caused by movement of the movable
member 20, the reciprocating table fixed on the movable
member 20, and the receiving plate 21 (see in FIG. 1)
can be eased.

[STRETCH PROCESS]

[0079] In a stretch process of the second shock ab-
sorber 60, as illustrated in FIG. 5 with an arrow 8, the
second rod 66 is protruded outside the cylindrical case
61 by spring force of the compression coil spring 75. And
then, the second accumulator 69 is swelled and de-
formed by the protrusion of the second rod 66 outside
the cylindrical case 61. At this time, as illustrated in this
figure with an arrow 9, the silicon oil O flows from the
opening-portion room 70b to the base-portion room 70a
through the second main flow path 77. Also, by the pro-
trusion of the second rod 66 outside the cylindrical case
61, the second piston 74 is moved toward the flow path
member 73 side (the base-portion room 70a side) by the
predetermined distance L2 relative to the second rod 66.
[0080] In this manner, as illustrated in this figure with
an arrow 10, each piston sub flow path 78 and each flow-
path-member sub flow path 79 are connected with each
other, so that the silicon oil O flows from the opening-
portion room 70b to the base-portion room 70a through
each of the sub flow paths 78 and 79. As described above,
in the stretch process of the second shock absorber 60,
the silicon oil O flows through both of the second main
flow path 77 and each of the sub flow paths 78 and 79,
and therefore, a large flow path area is secured between
the base-portion room 70a and the opening-portion room
70b. Therefore, in the second shock absorber 60, the
resistive force is almost not caused, so that the second
rod 66 can be immediately protruded outside the cylin-
drical case 61 by the spring force of the compression coil
spring 75.
[0081] Here, when the second piston 74 passes
through the first inner peripheral wall 71a side, the flow
path area of the second main flow path 77 is decreased,
and the flowing of the silicon oil O in the second main
flow path 77 is limited. However, since the flow path area
of each of the sub flow paths 78 and 79 is set to be suf-
ficiently large, the resistive force is almost not caused in
the second shock absorber 60. That is, in an entire stroke
region of the second shock absorber 60, the second rod
66 can be smoothly protruded outside the cylindrical case
61.
[0082] According to the first shock absorber 40 in the
first embodiment as formed above, the first accumulator

57 for absorbing the volume increase caused inside the
cylindrical case 41 by the entering of the first rod 45 into
the cylindrical case 41 is provided in the base-portion
room 48a, the first main flow path 54 in which the silicon
oil O flows when the first piston 50 is moved relative to
the cylindrical case 41 is provided between the inner pe-
ripheral wall 49 of the cylindrical case 41 and the outer
peripheral wall 50a of the first piston 50, and the second
inner peripheral wall 49b for gradually decreasing the
opening area of the first main flow path 54 by the move-
ment of the first piston 50 toward the opening-portion
room 48b side is provided in the inner peripheral wall 49
of the cylindrical case 41. Therefore, the flow resistance
of the silicon oil O flowing through the first main flow path
54 is increased as the first piston 50 is moved closer
toward the opening room 48b side of the cylindrical case
41, and therefore, the first shock absorber 40 can be the
shock absorber of generating the resistive force (damp-
ing force) on the pulling side.
[0083] Also, according to the first shock absorber 40
in the first embodiment, the first piston 50 is slidably pro-
vided in the first rod 45, the piston sub flow path 55 for
connecting between the base-portion room 48a and the
opening-portion room 48b is provided between the inner
periphery of the first piston 50 and the outer periphery of
the first rod 45, and the nut member 52 for shutting down
the piston sub flow path 55 when the first piston 50 is
moved toward the opening-portion room 48b side relative
to the first rod 45 is provided in the first rod 45. Therefore,
the difference between the resistive forces generated on
the pulling side and the pushing side can be increased,
and, for example, a sufficiently-large resistive force can
be generated on the pulling side and almost no resistive
force can be generated on the pushing side.
[0084] Further, according to the first shock absorber
40 in the first embodiment, since the fixed portion 45d
fixed at the receiving plate 21 of the pneumatic actuator
10 is provided on the other end of the first rod 45, the
first rod 45 and the receiving plate 21 can be fixedly held
with each other. Therefore, the first shock absorber 40
can be exactly functioned as the pulling-side shock ab-
sorber.
[0085] Still further, according to the first shock absorb-
er 40 in the first embodiment, since the first accumulator
57 is made of the elastic member consisting of the foam
rubber, the first accumulator 57 can be formed of one
component, so that the number of components can be
reduced to suppress the manufacturing cost.
[0086] Still further, according to the first shock absorb-
er unit 30 in the first embodiment, the first shock absorber
40 is the pulling-side shock absorber, the second shock
absorber 60 is the pushing-side shock absorber, and the
supporting member 80 for supporting the respective rods
45 and 66 of the shock absorbers 40 and 60 so that they
are parallel to each other is provided. Therefore, each of
the shock absorbers 40 and 60 are collected by the sup-
porting member 80, so that the shock absorber unit 30
can be arranged only on one side in the movement di-
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rection of the receiving plate 21 of the pneumatic actuator
10. In this manner, the arrangement space for the shock
absorber unit 30 can be downsized, so that the adjust-
ment operation for the shock absorber unit 30 can be
easily performed and the arrangement operation for the
pneumatic actuator 10 can be simplified.
[0087] Still further, according to the first shock absorb-
er unit 30 in the first embodiment, the nut member 52 for
shutting down each of the sub flow paths 55 and 56 by
the movement of the first piston 50 toward the opening-
portion room 48b side relative to the first rod 45 is pro-
vided in the first shock absorber 40, and the supporting
member 72 for shutting down each of the sub flow paths
78 and 79 by the movement of the second piston 74 to-
ward the base-portion room 70a side relative to the sec-
ond rod 66 is provided in the second shock absorber 60.
In this manner, in each of the shock absorbers 40 and
60, the difference between the resistive forces generated
on the pulling side and the pushing side can be increased.
[0088] Next, a second embodiment of the present in-
vention is described in detail with reference to figures.
Note that components having the same function as those
of the above-described first embodiment are denoted by
the same reference symbols, and the repetitive descrip-
tion thereof is omitted. FIGS. 6A and 6B are cross-sec-
tional views of the first shock absorber (at retraction/
stretch of the first piston) according to the second em-
bodiment.
[0089] In a first shock absorber 90 according to the
second embodiment, only a structure of a first accumu-
lator (accumulator) is different from that of the first shock
absorber 40 according to the first embodiment.
[0090] A free-piston storage room 91 forming a part of
the base-portion room 48a is provided on one end of the
cylindrical case 41. In the free-piston storage room 91,
a free piston 92 is slidably provided in the axial direction
of the cylindrical case 41. A ring-shaped groove 92a is
provided in an outer periphery of the free piston 92 along
a peripheral direction of the free piston 92, and a packing
seal 93 functioning as a seal member is attached to the
ring-shaped groove 92a. The packing seal 93 is provided
between the outer periphery of the free piston 92 and the
inner periphery of the cylindrical case 41 to seal a space
between both of them.
[0091] In a substantially center portion of the free pis-
ton 92, an injection hole 92b for injecting the silicon oil O
from outside into the cylindrical case 41 is provided. The
injection hole 92b is closed by a setscrew 94 functioning
as a plug, so that, after injecting the silicon oil O from the
injection hole 92b into the cylindrical case 41, leakage of
the silicon oil O to outside is prevented.
[0092] A cover member 95 is attached to one end of
the cylindrical case 41, and the one end of the cylindrical
case 41 is closed by the cover member 95. An air room
96 is provided between the cover member 95 and the
free piston 92, and the air room 96 is connected to outside
through an air vent hole 95a provided in a substantially
center portion of the cover member 95.

[0093] A compression coil spring 97 functioning as a
spring, to which a predetermined initial load (shrinking)
is applied, is provided between the free piston 92 and
the cover member 95, and the compression coil spring
97 pressures the free piston 92 toward the opening-por-
tion room 48b of the cylindrical case 41. Here, the free
piston 92, packing seal 93, and compression coil spring
97 configures the accumulator and the first accumulator
according to the present invention.
[0094] As illustrated in FIG. 6A, when the first rod 45
enters into the cylindrical case 41, the free piston 92 is
moved to one end of the cylindrical case 41 by the en-
tering of the first rod 45 into the cylindrical case 41, and
the volume increase of the liquid storage room 48 caused
inside the cylindrical case 41 is absorbed. At this time,
the air inside the air room 96 is exhausted outside through
the air vent hole 95a. On the other hand, as illustrated in
FIG. 6B, when the first rod 45 protrudes outside the cy-
lindrical case 41, the free piston 92 is moved to the other
end of the cylindrical case 41 by the protrusion of the first
rod 45 outside the cylindrical case 41. At this time, the
outside air is supplied into the air room 96 through the
air vent hole 95a.
[0095] Also in the first shock absorber 90 according to
the second embodiment as formed above, the same
functional effects except for the functional effects of the
first accumulator can be obtained. In addition to this, in
the first shock absorber 90 according to the second em-
bodiment, the first accumulator (accumulator) includes:
the free piston 92 sliding through the free piston storage
room 91; the packing seal 93 provided between the outer
periphery of the free piston 92 and the inner periphery of
the cylindrical case 41; and the compression coil spring
97 pressuring the free piston 92 toward the opening-por-
tion room 48b. Therefore, durability of the first accumu-
lator (accumulator) is increased, so that long life of the
first shock absorber (shock absorber) can be achieved.
[0096] It is needless to say that the present invention
is not limited to the foregoing embodiments and various
modifications and alterations can be made within the
scope of the summary of the present invention. For ex-
ample, it is described that the second inner peripheral
wall 49b having the taper shape is as the opening area
adjusting wall according to the present invention, and the
resistive forces of the first shock absorbers 40 and 90 is
linearly changed. However, the present invention is not
limited to this, and the opening area adjusting wall can
be formed in a step shape, and the resistive forces of the
first shock absorbers can be changed stepwise.
[0097] Also, in the second shock absorber 60 illustrat-
ed in FIGS. 4 and 5, the second accumulator 69 formed
in the substantially cylindrical shape is provided on the
opening-portion room 70b side. However, the present
invention is not limited to this, and a free-piston-type ac-
cumulator provided on the base-portion room side as il-
lustrated in FIGS. 6A and 6B can be adopted as the sec-
ond accumulator.
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Claims

1. A shock absorber comprising:

a cylinder in which liquid is filled and which has
a base portion and an opening portion;
a holder which is attached to the opening portion
of the cylinder and has a rod-guiding hole;
a rod which is slidably supported by the rod-guid-
ing hole, whose one end is provided inside the
cylinder, and whose other end is provided out-
side the cylinder;
a piston which is provided to the one end of the
rod and divides an inside of the cylinder into a
base-portion room and an opening-portion
room;
an accumulator which absorbs volume increase
caused inside the cylinder by entering of the rod
into the cylinder;
a main flow path which is provided between an
inner peripheral wall of the cylinder and an outer
peripheral wall of the piston and in which the
liquid flows when the piston is moved relative to
the cylinder; and
an opening area adjusting wall which forms the
inner peripheral wall of the cylinder and by which
an opening area of the main flow path is gradu-
ally decreased by movement of the piston to-
ward the opening-portion room side.

2. The shock absorber according to claim 1, wherein
the piston is slidably provided to the rod,
a sub flow path for connecting between the base-
portion room and the opening-portion room is pro-
vided between an inner periphery of the piston and
an outer periphery of the rod, and
a sub-flow-path opening/closing member for shutting
down the sub flow path when the piston is moved
toward the opening-portion room side relative to the
rod is provided to the rod.

3. The shock absorber according to claim 1 or 2, where-
in
a fixed portion which is fixed at a movable portion of
an actuator is provided to the other end of the rod.

4. The shock absorber according to claim 1 or 2, where-
in
the accumulator is made of an elastic material con-
sisting of foam rubber.

5. The shock absorber according to claim 1 or 2, where-
in
the accumulator includes: a free piston which slides
through the base-portion room; a seal member which
is provided between an outer periphery of the free
piston and an inner periphery of the cylinder; and a
spring which pressures the free piston toward the

opening-portion room.

6. A shock absorber unit comprising a first shock ab-
sorber, a second shock absorber, and a supporting
member,
the first shock absorber comprising:

a first cylinder in which liquid is filled and which
has a base portion and an opening portion;
a first holder which is attached to the opening
portion of the first cylinder and has a first rod-
guiding hole;
a first rod which is slidably supported by the first
rod-guiding hole, whose one end is provided in-
side the first cylinder, and whose other end is
provided outside the first cylinder;
a first piston which is provided to the one end of
the first rod and divides an inside of the first cyl-
inder into a base-portion room and an opening-
portion room;
a first accumulator which absorbs volume in-
crease caused inside the first cylinder by enter-
ing of the first rod into the first cylinder;
a first main flow path which is provided between
an inner peripheral wall of the first cylinder and
an outer peripheral wall of the first piston and in
which the liquid flows when the first piston is
moved relative to the first cylinder; and
a first opening area adjusting wall which forms
the inner peripheral wall of the first cylinder and
by which an opening area of the first main flow
path is gradually decreased by movement of the
first piston toward the opening-portion room
side,

the second shock absorber comprising:

a second cylinder in which liquid is filled and
which has a base portion and an opening por-
tion;
a second holder which is attached to the opening
portion of the second cylinder and has a second
rod-guiding hole;
a second rod which is slidably supported by the
second rod-guiding hole, whose one end is pro-
vided inside the second cylinder, and whose oth-
er end is provided outside the second cylinder;
a second piston which is provided to the one end
of the second rod and divides an inside of the
second cylinder into a base-portion room and
an opening-portion room;
a second accumulator which absorbs volume in-
crease caused inside the second cylinder by en-
tering of the second rod into the second cylinder;
a second main flow path which is provided be-
tween an inner peripheral wall of the second cyl-
inder and an outer peripheral wall of the second
piston and in which the liquid flows when the
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second piston is moved relative to the second
cylinder; and
a second opening area adjusting wall which
forms the inner peripheral wall of the second cyl-
inder and by which an opening area of the sec-
ond main flow path is gradually decreased by
movement of the second piston toward the base-
portion room side, and
the supporting member which supports the first
and second shock absorbers so that the first and
second rods of the respective first and second
shock absorbers are parallel to each other.

7. The shock absorber unit according to claim 6, where-
in
the first piston is slidably provided to the first rod,
a first sub flow path for connecting between the base-
portion room and the opening-portion room is pro-
vided between an inner periphery of the first piston
and an outer periphery of the first rod,
a first sub-flow-path opening/closing member for
shutting down the first sub flow path when the first
piston is moved toward the opening room side rela-
tive to the first rod is provided to the first rod,
the second piston is slidably provided to the second
rod,
a second sub flow path for connecting between the
base-portion room and the opening-portion room is
provided between an inner periphery of the second
piston and an outer periphery of the second rod, and
a second sub-flow-path opening/closing member for
shutting down the second sub flow path when the
second piston is moved toward the base-portion
room side relative to the second rod is provided to
second the rod.

8. The shock absorber unit according to claim 6 or 7,
wherein
a fixed portion which is fixed at a movable portion of
an actuator is provided to the other end of the first rod.

9. The shock absorber unit according to claim 6 or 7,
wherein
at least one of the first accumulator or the second
accumulator is made of an elastic material consisting
of foam rubber.

10. The shock absorber unit according to claim 6 or 7,
wherein
at least one of the first accumulator or the second
accumulator includes: a free piston which slides
through the base-portion room; a seal member which
is provided between an outer periphery of the free
piston and an inner periphery of the first or second
cylinder; and a spring which pressures the free piston
toward the opening-portion room.

23 24 



EP 2 357 378 A2

15



EP 2 357 378 A2

16



EP 2 357 378 A2

17



EP 2 357 378 A2

18



EP 2 357 378 A2

19



EP 2 357 378 A2

20



EP 2 357 378 A2

21



EP 2 357 378 A2

22

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP S61016440 B [0004] • JP 2005009568 A [0005]


	bibliography
	description
	claims
	drawings

